• We studied the role of group I mGluRs within the BLA according to sex and estradiol levels in females rats using conditioned conflict-based anxiety model.
a b s t r a c t
Women are more susceptible than men to develop anxiety disorders, however, the mechanisms involved are still unclear. In this study, we investigated the role of group I metabotropic glutamate receptors (mGluRs), a target for anxiety disorders, and whether estradiol may modulate conflict-based anxiety in female rats by using the Vogel Conflict Test (VCT). We used ovariectomized female rats with high (OVX + EB) and low (OVX) estradiol levels and intact male rats to evaluate sex differences. Infusion of (S)-3,5-Dihydroxyphenylglycine (DHPG), a group I mGluR agonist, into the basolateral amygdala, a region involved in anxiety-responses, statistically increased the number of shocks in OVX, but not OVX + EB female rats at 0.1, nor at 1.0 M. In contrast, DHPG statistically decreased the number of shocks in male rats at 1.0 M only. DHPG (0.1 M) increased the number of recoveries in OVX, but not OVX + EB or male rats. Sex differences were detected for the number of shocks, recoveries and punished licks, where female rats displayed more conflict than male rats. Western blot analyses showed that protein expression of mGluR1, but not mGluR5 was higher in OVX + EB > OVX > male rats in the amygdala, whereas no significant differences were detected in the hippocampus, olfactory bulb and/or the periaqueductal gray. Therefore, DHPG produced paradoxical effects that are sex dependent; producing anxiolytic-like effects in female rats, while anxiogenic-like effects in male rats according to the VCT. These results highlight the importance of including female experimental models to underpin the neural circuitry of anxiety according to sex and for the screening of novel anxiolytic compounds.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Anxiety disorders affect nearly 40 million American adults annually, as well as contribute to the etiology of depression and drug abuse. It is widely accepted that women have a clear vul- nerability to develop anxiety-related disorders [17, 24, 29] . This vulnerability might be due to differences in hormones levels between women and men [12] . However, other factors such as reproductive, neurodevelopmental, and physiological ones; and in humans, personal and social experiences should be considered as contributors to the high vulnerability of women. Interestingly, most of the available research data have been done and analyzed using male rodents due to the high variability of behavioral responses that females displayed during the estrous cycle. Thus, the scanty information regarding female neurobiological bases of anxiety make imperative to study female anxiety since available treatments might not be equally effective in women than in men.
In this study, we used the Vogel conflict test (VCT), a wellvalidated conditioned conflict-based anxiety model used for the screening of anxiolytic compounds [34, 49] . The VCT is based in the approach-avoidance behaviors where water-deprived animals face the conflict of receiving a mild shock punishment when they drink water from a bottle. Like other conflict-based anxiety models, the VCT is responsive to benzodiazepines, which produces anticonflict response by increasing the number of punished responses and/or shocks received by the animal in comparison to control animals [25] . In the VCT, intact female rats display more pro-conflict responses (e.g., less punished licks and shocks) than male rats, suggesting that female rats are more anxious [3, 16] . These sex differences are independent of the female estrous stage since proestrous, as well as diestrous female rats display more conflict than male rats in the VCT [3] . Sex differences were also found in rodents on a variety of unconditioned anxiety tests. For instance, female rats show greater ambulatory activity [16, 40] , grooming behavior [36] , and open field exploration [16] , than male rats. These findings might suggest that in an unconditioned anxiety test, female rats are less anxious in comparison to male rats; whereas, in conditioned conflict-based anxiety models female rats are more anxious than their counterparts.
Metabotropic glutamate receptors (mGluRs) are suggested as a potential target for the treatment of anxiety-related disorders [30, 44] . Eight mGluR subtypes have been cloned (mGluR1-mGluR8) and divided in three groups based on pharmacological properties, transduction mechanisms and amino acid sequences [42] . Group I mGluRs (mGluR1 and mGluR5 subtypes) are coupled to phospholipase C (PLC) by G q11 proteins. Group I mGluRs is expressed in the rat amygdala, a brain structure involved in the anxiolytic effect of different compounds modulating glutamatergic neurotransmission [8, 35] . Systemic administration of group I mGluRs antagonists reduce anxiety during the VCT [18, 37, 39, 45, 48] . Systemically selective mGluR1 antagonist such as (3,4- 
and (RS)-1-aminoindan-1,5-dicarboxylic acid (AIDA), produce anxiolytic-like effects in the VCT in male rats [19, 46, 48] . Antagonist targeting mGluR5 also decreased anxiety in other conditioned conflict-based anxiety tests, including the conditioned emotional response (CER), conditioned lick suppression (CLS) and Geller-Seifter test [2, 48] . Similarly, group I mGluRs antagonists decreased anxiety in unconditioned response tests, such as the elevated plus maze (EPM), social interaction test, marble burying and stress-induced hyperthermia in male rats [44] . Notice that most of the work on group I mGluRs has been done using male animal models and systemic and/or intra-cerebroventricular (icv) administration. The only study that assessed the role of group I mGluRs within the amygdala in female rats, showed that (S)-3,5-dihydroxyphenylglycine (DHPG), a group I mGluR agonist, decreases unconditioned conflict-based anxiety in ovariectomized rats with high (OVX + EB), but not low (OVX) estradiol levels and/or male rats [8] .
In this study, we tested the hypothesis that activation of group I mGluRs within the BLA, (1) will produce anti-and pro-conflict behaviors according to sex and estradiol levels in female rats when tested in the VCT and (2) sex specific modulation of anxiety-related responses will be dependent on estradiol and sex modulation of group I mGluRs protein expression. In experiment 1, we studied the behavioral effects of intra-BLA infusion of DHPG in OVX + EB and OVX female rats during the VCT. We included intact male rats that resemble low levels of estradiol (e.g., OVX) to analyze sex differences in this conflict-based test. In experiment 2, we conducted western blot analyses to study the expression of mGluR1 and mGluR5 subtypes within the amygdala, hippocampus, olfactory bulb and PAG of OVX + EB, OVX and male rats.
Taken together, this study highlights the importance of including female experimental models to underpin the neural circuitry of anxiety according to sex for the screening of novel anxiolytic compounds.
Methods

Animals and housing
Naïve adult female and male Sprague-Dawley rats, weighing 220-280 g, were obtained from Charles River Laboratories (Wilmington, MA). The animals were caged in same-sex pairs in acrylic cages (26.7 × 48.3 × 20.3 cm) on a light-controlled room (12:12-h light:dark cycle; lights on at 08:30 h) at a room temperature of 18-26 • C, relative humidity of 30-70%, and with food and water available ad libitum. All experimental procedures were conducted according to the Institutional Animal Care and Use Committee (IACUC) of the University of Puerto Rico Medical Sciences Campus (MSC) and the National Institute of Health Guide for the care and use of laboratory animals. The MSC animal care facility is accredited by the American Association for Laboratory Animal Care (AALAC) and registered at the United States Department of Agriculture.
Surgical procedures
Surgical procedures were conducted as previously described [8] . Briefly, animals were anesthetized with a combination of ketamine (80 mg/kg) and xylaxine (10 mg/kg, i.p.). We implanted two stainless steel guide cannulas (14 mm long, 23-gauge; Small Parts, Miami FL) two millimeter above the BLA complex using a stereotaxic apparatus (coordinates from bregma of Paxinos and Watson's atlas [33] , AP = −2.80 mm, ML = ± 5.0 mm, DV = 6.2 mm; Kopf Instruments, Tujunga CA). Cannulas were fixed to the skull using four stainless steel screws and dental acrylic cement (Stoelting, Il). A 14-mm long stainless steel stylet (14-mm long, 30-gauge, Small Parts, Florida) was used to prevent cannula occlusion and infection.
Immediately after brain cannulation female rats were ovariectomized. Half of the animals received a subcutaneous silastic implant (6 mm;1.47 mm i.d. × 1.96 mm o.d.) containing approximately 4 mg of estradiol (OVX + EB) and the other half received empty implant (OVX) in the posterior neck. This estradiol amount is sufficient to maintain an estradiol concentration three times higher in OVX + EB than in OVX [10, 34] . During recovery from anesthesia the animals received 1.0 ml of 0.9% saline (s.c.) to prevent dehydration and buprenorphine (0.05-0.1 mg/kg, i.m.), an analgesic to reduce distress. During the recovery week the animals were daily handled to provide the same pre-testing experience and to reduce animal stress associated to the manual restraint. Periodically, stylets were cleaned and/or replaced by new ones to prevent cannula occlusion and/or infections. Note: Data was analyzed using a two-way ANOVA for female rats and one-way ANOVA for male rats. Statistical significant: *: drug within group effect; ς: differences between OVX female vs male rats; and : estradiol effect.
Drug and infusion protocol
We used (s)-3,5-dihydroxyphenylglycine (DHPG; Tocris Cookson, Ellisville MO), a selective agonist for mGluR1 and mGluR5 subtypes. The working concentrations of DHPG (0.1 or 1.0 M) were chosen based on previous experiments [8] . Briefly, DHPG was diluted using sterile saline (0.9%) in aliquots of 1 mM and stored at −20 • C for up to one month. On the test day, DHPG was the diluted to its final concentration using sterile saline (0.9%). DHPG (0.1 or 1.0 M) or saline (0.9%) was infused into the BLA complex at a volume of 0.5 L/site/min using stainless steel needle injectors (16-mm long, 30-gauge, Small Parts, Florida) connected to an infusion pump (Harvard Apparatus, Holliston MA). The needle injectors remained in place for an additional minute and then removed and replaced with stylets. We followed aseptic techniques by using a hot bead sterilizer to clean injectors between animals. After a five minutes period, the VCT was conducted.
Vogel conflict test (conflict drinking test)
The VCT is a well-established conflict-based anxiety model, in which thirsty animals have a conflict between the appetitive behavior of drinking water and the risk of receiving an aversive shock [25, 49] . We conducted the experiments during the dark phase of the light/dark cycle, under red light illumination (20W) as previously described [34] . Testing chambers consisted of acrylic boxes (18.42 cm long; 23.5 cm high; 22.23 cm wide) with a metal grid floor (1.3-cm stainless steel mesh). Briefly, on the day prior to the test the animals were acclimatized to the testing chamber for 30 min and then water deprived for 24 h. On test day, the animals were transferred from the research animal facility to the testing room, habituated to the room for at least one hour and then infused with either vehicle or the drug. After five minutes, animals were individually placed inside each testing chamber. The water bottle was electrically coupled to the metal grid floor and to a current generator controlled by a computer. The test lasted twenty-minutes; in which during the first 30 s the animal could drink water without punishment (warm-up period) followed by alternated and consecutive patterns of free (20 s) and punishment (20 s) periods. During the punishment periods, a mild shock (0.3 mA intensity, 100 ms duration), was randomly delivered to the floor of the cage after 3 consecutive licks. We monitored the animals' drinking behavior by analyzing the following parameters: total number of shocks, recoveries (number of events characterized by two consecutive punished licks), recovery time (time between two consecutive punished licks), punished licks (number of licks performed during punishment periods), total licks (number of licks performed during free and punishment periods), and total latency (time between licks during free and punishment periods). We also analyzed the number of licks during the warm up period and the latency to lick during the first free period and first punished period as an index of the animals' water thirst and their aversive perception of the electric shock, respectively.
Histology
The animals were euthanized by rapid decapitation. The brains were quickly removed, stored at −80 • C and sectioned at 50 m using a microtome (Leica CM 1900, on, Meyer Instruments, Houston, TX). Coronal sections were stained with cresyl violet and cannula placement was analyzed using a light microscope. Cannula localization ( Fig. 1 ) was identified in diagrams modified from the Paxinos and Watson atlas [33] . The animals with misplaced cannulas were not included in the data analysis.
Western blots experiments
Frozen brains from naïve OVX + EB, OVX and male rats were sectioned using a 1 mm matrix. Using the [33] Paxinos and Watson atlas as reference, tissues were collected from the amygdala, hippocampus, PAG and olfactory bulb, which was our positive control due to its high protein expression of group I mGluRs [11] . Coordinates from bregma for the amygdala and hippocampus were: −1.88 to −3.30 mm and for PAG were: −5.50 mm to −6.30 mm. Tissue samples were obtained using a 2 mm micro-punch (OD; Harris micro-punch system). The amygdala samples contain the main nuclei including the LA, BLA, CeA and ITCs. Samples were manually homogenized in Tris-NaCl containing a protease inhibitor cocktail (2X Protease Arrest, Calbiochem, La Jolla, CA), EDTA (1 mM) and EGTA (1 mM) and centrifuged at 900 G for 10 min at 4 • C. The supernatant fraction was kept and stored at −80 • C until protein quantification using the Bradford method (Bio-Rad Protein Assay, Hercules, CA). Denatured samples (about 5-10 g per lane) with Laemmli Sample Buffer (Bio-Rad Laboratories) containing 5%-2␤-mercaptoethanol were separated in 6% polyacrylamide-SDS gel. Proteins transferred to PDVF membranes were blocked in blotto (3-5% non-fat milk dry milk, 20 mM Tris-HCl, 150 mM NaCL and 0.1% Tween-20) for 2 h at room temperature. Blots were incubated overnight in the corresponding primary antibodies for mGluR1 and mGluR5 detection. Primary antibodies (N-16 of Santa Cruz Biotechnology for mGluR1 and AB1596 of Millipore for mGluR5) were diluted in blotto to 1:3000. For the experiment of antibody specificity, primary antibodies were pre-incubated for 24 h with their corresponding control peptides (sc-47131 P for mGluR1 and AG374 for mGluR5). Then, blots were washed and incubated in horseradish peroxidase-conjugated antiserum (donkey-anti-goat and anti-rabbit for mGluR1 and mGluR5, respectively) diluted in blotto solution for two hours. After washes, HPR signal was enhanced with Super Signal West Femto Maximum Sensitivity Substrate (Pierce, IL) and membranes were exposed and developed using the Versadoc TM Imaging System. The immunoreactivity was quantified using Quantity One Software (Bio-Rad, Hercules, CA). The ␤-actin immunoreactivity was used as the loading control and the expression of mGluR1 or mGluR5 was standardized to the level of this housekeeping gene.
Statistics
For experiment 1, data is presented as mean ± standard error of the mean (SEM) values. Statistical analysis for female (OVX + EB vs OVX) and male rats were analyzed separately since the experiments were conducted at different time points. OVX + EB and OVX data was analyzed using a two-way analysis of variance (ANOVA) to determine the effects of: (1) drug; (2) estradiol treatment; and (3) the interaction between drug and estradiol treatment. Male data was analyzed using a one-way ANOVA to determine whether DHPG modulates anxiety depending upon drug concentration. Post-hoc multiple comparison analyses were performed using Student-Newman-Keuls tests. One-way analyses of variance (ANOVA), including vehicle infused animals, were conducted to analyze sex differences and whether estradiol potentiated sex differences on baseline responses. For experiment 2, a one-way ANOVA was performed to analyze differences in the expression levels of mGluR1 and mGluR5 subtypes, respectively, in OVX + EB, OVX and male rats. Differences were considered statistically significant when p values were ≤ 0.05.
Results
Experiment 1
3.1.1. Effects of DHPG on conditioned conflict-based anxiety according to estradiol levels in ovariectomized rats and sex
We analyzed the effects of intra-BLA infusion of DHPG on conditioned conflict-based anxiety by using the VCT. In female rats, a two-way ANOVA revealed a significant effect of DHPG ( Fig. 2A ; F(2,83) = 4.16; p = 0.02) and a significant effect of estradiol treatment ( Fig. 2A ; F(1,83) = 11.69; p = 0.001) on the number of shocks. The interaction between DHPG and estradiol was not detected ( Fig. 2A ; F(2,83) = 1.37; p = 0.26). DHPG at 0.1, but not 1.0 M increased the number of shocks received in OVX ( Fig. 2A ; p = 0.01, p = 0.46, respectively), but not in OVX + EB (Fig. 2 A ; p = 0.65, p = 0.91, respectively). Estradiol by itself decreased the number of shocks received when compared OVX + EB-vehicle and OVX-vehicle ( Fig. 2A ; p = 0.045). In male rats, a one-way ANOVA revealed a significant effect of DHPG on the number of shocks received ( Fig. 2B ; F(2,25) = 3.32; p = 0.05). DHPG at 1.0, but not 0.1 M decreased the number of shocks received (p = 0.045, p = 0.23, respectively).
In female rats, a two-way ANOVA showed a significant effect of DHPG (F(2,83) = 4.35; p = 0.02) and estradiol treatment ( Fig. 3A ; p = 0.42 and p = 0.97, respectively). Estradiol by itself decreased the number of recoveries when OVX + EB-vehicle and OVX-vehicle were compared ( Fig. 3B ; p = 0.05). In male rats, a one-way ANOVA revealed no effect of DHPG (0.1 and 1.0 M) on the number of recoveries ( Fig. 3B ; F(2,25) = 2.47; p = 0.12). DHPG (0.1 and 1.0 M) did not modulate the number of punished licks, total number of licks or the recovery time (Table 1) . In female rats, a two-way ANOVA revealed no effect of DHPG on the number of punished licks (F(2,83) = 1.15; p = 0.32), but a significant effect of estradiol treatment (F(1,83) = 8.12; p = 0.006). The interaction between DHPG and estradiol was not detected (F(2,83) = 0.78; p = 0.46). In male rats, a one-way ANOVA revealed no effect of DHPG (0.1 and 1.0 M) on the number of punished licks (F(2,25) = 1.56; p = 0.23). In female rats, a two-way ANOVA revealed no effect of DHPG on the number of total licks (F(2,83) = 0.83; p = 0.44), but a significant effect of estradiol treatment (F(1,83) = 5.13; p = 0.03). The interaction between DHPG and estradiol was not detected (F(2,83) = 0.28; p = 0.76). In male rats, a one-way ANOVA revealed no effect of DHPG (0.1 and 1.0 M) on the total number of licks (F(2,25) = 1.53; p = 0.24). In female rats, a two-way ANOVA revealed no effect of DHPG (F(2,83) = 0.93; p = 0.40) and estradiol treatment (F(1,83) = 2.46; p = 0.12) on the recovery time. The interaction between DHPG and estradiol treatment was not detected (F(2,83) = 0.03; p = 0.97). In male rats, a one-way ANOVA revealed no effect of DHPG (0.1 and 1.0 M) on the recovery time (F(2,25) = 1.48; p = 0.25).
In female rats, a two-way ANOVA revealed a significant effect of DHPG on latency to lick (Table 1 
Sex differences on conditioned conflict-based anxiety tested in the VCT
We analyzed sex differences and whether estradiol potentiates these sex differences on conditioned conflict-based anxiety during the VCT. A one-way ANOVA revealed sex differences for the number of shocks ( Fig. 2A,B ; F(2,50) = 9.01). Post-hoc comparisons revealed that male rats received more shocks when compared to OVX (p = 0.025) and OVX + EB (p < 0.01). One-way ANOVAs revealed that recovery events and punished licks were higher in males than OVX and OVX + EB female rats (Fig. 3A,B ; F(2,50) = 7.06; p = 0.002 and Table 1 ; F(2,50) = 4.60; p = 0.02, respectively). Post-hoc comparisons revealed that male rats displayed more recovery events and punished licks when compared to OVX + EB (p = 0.002, p = 0.011, respectively) and a strong tendency for OVX female rats (p = 0.058 and p = 0.058, respectively). Sex differences were not detected for the recovery events, recovery time, total number of licks, total latency and latency to lick during punishment periods (Table 1 ; p > 0.05).
3.1.3. Initial water consumption and the latency to lick during the first free and punished periods of animals tested in the VCT
The number of licks during the warm up period was analyzed as an index of water thirst in animals ( Table 2) . A two-way ANOVA revealed no effect of DHPG (F(2,83) = 2.89; p = 0.06) and estradiol treatment (F(2,83) = 1.99; p = 0.16) on the number of licks during the warm-up period in female rats. The interaction between DHPG and estradiol treatment was not detected on the number of licks during the warm-up period (F(2,83) = 2.63; p = 0.08). In male rats, a one-way ANOVA revealed no effect of DHPG on the number of To analyze the impact of estradiol treatment and animal sex on the aversive perception of electric shocks, the latency to lick during the first free period was compared with the latency to lick during the first punishment period (Table 2) . Paired t-test revealed that OVX + EB-vehicle (p = 0.016), displayed longer latency to lick during the punishment period than during the free period. No differences were detected for OVX or male rats (paired t-test; p > 0.05).
Experiment 2 3.2.1. Antibody specificity assays
Western blot analyses for mGluR1 and mGluR5 expressions were conducted using separated blots. Analyses consistently revealed immunoreactive bands corresponding to the molecular weight of ∼140 kDa for mGluR1 and ∼150 kDa for mGluR5. We detected a band with a molecular weight over 250 kDa, probably corresponding to the dimeric form of the proteins [23] . Pre-absorption of the primary antibodies with their corresponding control peptides, attenuated the immunoreactivity of mGluR1 band (Fig. 4) and completely abolished the immunoreactivity for mGluR5 monomer band (Fig. 5) , demonstrating the antibody specificity. We focused our analysis in the monomeric form of mGluR1 and mGluR5, since their immunoreactivities were consistently detected throughout the samples.
Protein levels of group I mGluRs (mGluR1 and mGluR5 subtypes) in the amygdala, hippocampus, olfactory bulb and PAG
Western blot analyses were conducted in the amygdala, hippocampus, olfactory bulb and PAG regions to analyze differences Represents the molecular weight size standard in kilo Dalton (KDa). Note: Data of 1st unpunished period were compared with data of 1st punished period using a paired t-test. : estradiol effect.
in group I mGluRs protein levels due to estradiol treatment in female rats and/or animal sex. In the amygdala, a one-way ANOVA revealed significant differences in mGluR1 protein expression levels ( Fig. 6 ; F(2,17) = 13.17; p < 0.001). OVX + EB showed an upregulation mGluR1 protein levels in comparison to OVX female rats ( Fig. 6 ; p = 0.04). Comparison of mGluR1 protein levels of OVX female rats with male rats revealed sex differences ( Fig. 6 ; p = 0.01), where OVX expressed higher protein levels than male rats. Oneway ANOVA revealed no differences in mGluR5 protein expression levels in OVX + EB, OVX and male rats ( Fig. 6 ; F(2,16) = 0.26; p = 0.78). In the hippocampus, a one-way ANOVA revealed no differences in mGluR1 ( Fig. 7 ; F(2,17) = 0.50; p = 0.62) and mGluR5 protein expression levels ( Fig. 7 ; F(2,17) = 0.06; p = 0.94). In the olfactory bulb, a one-way ANOVA revealed no differences in mGluR1 ( Fig. 8 ; F(2,11) = 1.54; p = 0.27) and mGluR5 protein levels ( Fig. 8 ; F(2,8) = 1.72; p = 0.26). Similarly, in the PAG, one-way ANOVAs revealed no differences in mGluR1 ( Fig. 9 ; F(2,17) = 1.44; p = 0.27) and mGluR5 protein levels ( Fig. 9 ; F(2,17) = 0.41; p = 0.67).
Discussion
In the present study we showed for the first time that intra-BLA infusion of DHPG in the VCT produces paradoxical effects Histogram graphs of mGluR1 and mGluR5 protein levels normalized to actin are shown in the lower panel. OVX + EB rats showed higher mGluR1/actin ratio when compared to OVX and male rats. OVX showed higher mGluR1/actin ratio than male rats (OVX + EB, n = 6; OVX, n = 6; Male, n = 6). No differences were detected for mGluR5/actin ratio between the experimental groups (OVX + EB, n = 5; OVX, n = 6; male, n = 6). Values represent mean ± SEM. * = p ≤ 0.05. Fig. 7 . Expression of group I mGluR subtypes in the hippocampus in ovariectomized female with high (OVX + EB), low (OVX) estradiol levels, and male rats. Representative immunoblots of mGluR1 (left panel) and mGluR5 (right panel) with its corresponding loading controls are shown in the upper panel. Histogram graphs of mGluR1 and mGluR5 protein levels normalized to actin are shown in the lower panel. No differences were detected between OVX + EB, OVX and male rats for mGluR1/actin ratio (OVX + EB n = 6; OVX n = 6; Male n = 6) and mGluR5/actin ratio (OVX + EB n = 6; OVX n = 6; Male n = 6). Values represent mean ± SEM. according to sex. In ovariectomized female rats, DHPG produces anxiolytic-like effects while in male rats produces anxiogenic-like effects. Sex differences were found in which female showed higher levels of anxiety-related behaviors when compared to male rats. In addition, estradiol by itself increases anxiety in ovariectomized rats during the test. These results support our hypothesis that intra-BLA infusion of DHPG will produce anti-and pro-conflict effects according to sex and estradiol levels in female rats. protein levels normalized to actin are shown in the lower panel. No differences were detected between OVX + EB, OVX and male rats for mGluR1/actin ratio (OVX + EB, n = 4; OVX, n = 4; Male, n = 4) and mGluR5/actin ratio (OVX + EB, n = 3; OVX, n = 3; male, n = 3). Values represent mean ± SEM. Fig. 9 . Expression of group I mGluR subtypes in the periaqueductal grey matter (PAG) in ovariectomized female with high (OVX + EB), low (OVX) estradiol levels, and male rats. Representative immunoblots of mGluR1 (left panel) and mGluR5 (right panel) with its corresponding loading controls are shown in the upper panel. Histogram graphs of mGluR1 and mGluR5 protein levels normalized to actin are shown in the lower panel. No differences were detected between OVX + EB, OVX and male rats for mGluR1/actin ratio (OVX + EB, n = 6; OVX, n = 6; Male, n = 6) and mGluR5/actin ratio (OVX + EB, n = 6; OVX, n = 6; Male, n = 6). Values represent mean ± SEM. DHPG is the most selective group I mGluR agonist, with similar potencies at mGluR1 and mGluR5 subtypes [28] . To the best of our knowledge, we are the first to demonstrate the effects of intra-BLA infusion of DHPG during a conditioned conflict-based anxiety model, producing anti-and pro-conflict effects during the VCT in a sex-specific manner. In male rats, systemic administration of group I mGluRs antagonist, decreases conflict-based anxiety in the VCT (anti-conflict effect) [37, 39, 45, 46, 48] . Likewise, intrahippocampal infusion of 7-hydroxyiminocyclopropan [b]chromen-1a-carboxylic acid ethyl ester (CPCCOEt) and (S)-4-carboxy-3-hydroxyphenylglycine (S-4C3H-PG), two selective group I antagonists produce anti-conflict effects during the VCT [6, 47] . These studies have consistently evidenced that blocking group I mGluRs signaling, at least in male models, increases the number of shocks received during the test. Potentially, blockage of group I mGluRs could reduce glutamatergic transmission and thus, decreases conditioned conflict-based anxiety. A reduction in glutamatergic neurotransmission may produce similar effects to an increase in GABAergic neurotransmission, which has been widely documented for the benzodiazepines (BZDs), the first-line of medication for generalized anxiety. In rodents, intra-BLA infusion of Ro 15-1788, a BZDs antagonist, attenuates the anti-conflict effect of BZDs systemically demonstrating the implication of BLA excitability during conflict-based anxiety [14] . Therefore, we would expect that an enhancement of BLA glutamatergic transmission by DHPG increases anxiety-related behaviors (pro-conflict effects) during the VCT. We found that DHPG produces pro-conflict effects in male rats, suggesting anxiogenic-like effects. On the other hand, in OVX female rats, DHPG produced the opposite effect, decreasing conflict in the test and thus, suggesting an anxiolytic-like effect. Unfortunately, the role of group I mGluRs during conditioned conflict responses have not been studied in female models, making it difficult for us to compare the effects of DHPG on the basis of existing literature. However, our findings strongly suggest a sexually dimorphic mechanism of BLA glutamatergic neural substrate in conflict-based anxiety. This finding is supported by previous study where Intra-BLA infusion of DHPG decreases anxiety in the elevated plus maze (EPM), an unconditioned conflict-based model, in estradiol treated female rats, but not in male rats [8] .
In our experiments, animal water consumption was not affected by DHPG since it did not alter the total number of licks during the warm-up period and the total lick test session. Paired analyses of the latency to lick during the first-free and punishment periods did not reveal any effect of the drug infusion in female and male rats. These results suggest that DHPG modulation of VCT parameters was by changes in anxiety levels and not by confounding effects such as water intake and/or shock threshold pain perception. Our interpretation is also supported by an experiment where intra-BLA infusions of group-I subtype specific antagonists by itself did not modulate the pain threshold perception to acute mechanical aversive stimulation of the hind rat's paws [21] . In addition, systemic administration of JNJ16259685, an mGluR1 antagonist, did not modulate acute pain sensitivity during tail withdrawal or tail pinch tests [46] . Similarly, systemic administration of group I mGluR antagonists, AIDA (for mGluR1) and/or MPEP (for mGluR5), did not modulate the response to shock threshold [45] . In addition, we reduced a possible interference of the pain perception in the interpretation of our data using VCT protocol with moderate shock intensity (0.3 mA). Interestingly, Basso and colleagues (2011) showed that acute injection of the analgesic morphine did not change the punished response during the VCT parameters. These results support our interpretation that DHPG modulation during of VCT parameters are by changes in anxiety levels opposed to any alterations in pain perception. However, further experiments need to be done to study specifically the role of group I mGluRs within the BLA during acute pain, which are beyond the scope of the present study.
Conflict behavioral responses during VCT are sexually dimorphic. Cycling female rats performed less punished licks in comparison to male rats [3, 4, 16] . Scrutiny of punished lick frequency throughout the estrous cycle demonstrated no significant effect of the estrous stage on punished lick behavior [3] . Despite these sex differences, few experiments evaluate high and low estradiol levels in ovariectomized female rats (OVX + EB and OVX, respectively) during the VCT in comparison to male rats [34] . We found that female rats displayed less punished licks, shocks and recoveries than male rats. These differences are potentiated by estradiol treatment, suggesting that sex differences on VCT performance are mediated by organizational sex differences and activational effects by estradiol. These results are in agreement with previous experiments where ovariectomized female rats received less shocks than male rats and in female rats, estradiol by itself, decreased the number of shocks received [34] . On the other hand, systemic administration of acute estradiol in aged female mice, a model for menopause, one hour prior to the test did not modulate VCT behavior [51] . Thus, our results strongly suggest that female rats displayed more conflict-based anxiety in comparison to male rats and these differences are potentiated by estradiol treatment. In addition, female performance during the VCT seems to be modulated by differences in timing of estradiol depletion and/or the estradiol replacement regimen.
Paired analysis indicates that the latency to lick increased during the first punishment period in OVX + EB, but not in OVX or male rats. This result could be interpreted as an index of increased shock sensitivity by estradiol treatment. In fact, cycling female rats displayed less resistance for given shock levels in comparison to male rats [3, 4, 16] . The fact that OVX + EB female rats are engaged in drinking behavior faster (less latency during the first free period) than OVX female or male rats without differences in water consumption suggests that estradiol increases female's approach behavior toward a novel stimuli and/or environment during the VCT. This is supported by the fact that female rats during estrous cycle displayed more approach behavior than diestrous and male rats [13] . In addition, it has been shown that estradiol treatment increased the percentage time exploring a novel object in ovariectomized female rats [52] .
Sex differences on VCT performance and sex-dependent DHPG effects might be underlined by organizational and activational differences on BLA mGluRs protein levels. To evaluate whether the results obtained in the behavioral experiments were due to differences in group I mGluRs protein expression in regions related to the anxiety-brain circuitry, we conducted western blot experiments. To date, the protein expression of group I mGluRs has been studied only in male rats [20] . Thus, to the best of our knowledge, we are the first to study the expression of group I mGluRs in naïve ovariectomized rats with and without estradiol treatment. We showed that mGluRs are differentially expressed in emotional-related regions. The protein expression of mGluR1, but not mGluR5 was sensitive to estradiol and sex factors in a region-specific manner. In samples from the amygdala, OVX + EB expressed higher mGluR1 protein levels than OVX and male rats (OVX + EB > OVX > male). We also found sex differences where OVX expressed higher mGluR1 protein levels than male rats. In contrast, the protein expression of mGluR5 remained akin between OVX + EB, OVX and male rats. We did not expect to find differences in both subtypes of group I mGluRs since the behavioral observations in a previous work in our laboratory suggested subtype specific roles for mGluR1 and mGluR5 on generalized anxiety-related behaviors depending upon sex and estradiol levels in female rats [8] . However, some antidepressant drugs used to treat anxiety disorders like imipramine, up-regulates the expression of mGluR1 and mGluR5 subtypes within the hippocampus [1, 43] . While chronic corticosterone treatment and chronic mild stress, down-regulates the expression of mGluR5 subtype in the same region [53] . It appears that the expression of group I mGluRs vary according to different anxiety-related factors including the sex and animal hormonal levels. Note that in the present study, we analyzed the total pool of proteins that included the receptors expressed in the membrane surface and those present in the intracellular pools. Membrane trafficking and sequestration of group I mGluRs, is highly regulated by scaffold proteins including homer 1a and 1b, and by kinases proteins [54] . Thus, estradiol-and/or sex-differences on membrane mGluRs expression and functionality must be further studied to elucidate whether sex specific effects of DHPG are underlaid by differences in mGluRs membrane expression and function in the BLA projecting neurons.
We used olfactory bulb (OB) as our positive control due to its high mGluR protein expression [11] . Interestingly, in whole OB samples, we found a subtle down-regulation of mGluR1, but not mGluR5 expression in OVX + EB in comparison to OVX and male rats. Contrary to what we found in the amygdala, there is a tendency of OVX + EB to express lower mGluR1 protein levels than OVX and male rats (OVX + EB < OVX < male). Lower levels of mGluR1 in OVX + EB than OVX and male rats may imply differences in OB depolarization and signal transduction and it must be addressed by future experiments. In the hippocampus, which relays context-related afferent information to the amygdala, as well as in the PAG, which is an amygdala effector region, the expression of mGluR1 and mGluR5 protein levels were not significantly different between OVX + EB, OVX and male rats. These results did not rule out the possibility of: (1) changes in another neurotransmitter system within these regions and/or (2) changes in the expression of group I mGluRs in other brain regions involved in anxiety according to sex and estradiol levels. However, further experiments are needed and these experiments were beyond of our scope.
The amygdala and mGluRs are estradiol sensitive. Estradiol produces transcriptional as well as structural effects within the amygdala. For instance, estradiol increases the expression of proteins related to CREB signaling cascade [9, 15] and promotes synaptogenesis, increasing the number of dendritic shaft and spines [27, 41] within the amygdala. Antidepressant drugs used for anxiety disorders similar to estradiol induce synaptogenesis, which has been conceptualized as their molecular mechanism of action [30] . According to our experiments, estradiol up-regulates the expression of mGluR1, but not mGluR5 in OVX + EB in the amygdala. Therefore, amygdalar synaptogenesis might indirectly entail mGluR1 up-regulation. Sensitivity of mGluR1 expression to estradiol treatment is region-specific not affecting at all the hippocampus and PAG. These results are supported by previous experiments where estradiol treatment in OVX rats did not modulate mGluR1 protein expression in the arcuate nucleus of the hypothalamus [22] . Hence, we suggest that selective up-regulation of amygdalar mGluR1 protein might underlay molecular mechanism to modulate anxiety in female rats.
Overall, in our molecular experiments, we showed that mGluR1, but not mGluR5 is up-regulated in OVX + EB in comparison with OVX; and in OVX in comparison with male rats in the amygdala. To delineate potential mechanisms by which DHPG modulates anxiety in OVX and male rats, it is of high importance to pinpoint the anatomical localization of up-regulated mGluR1 within the amygdala. The expression of group I mGluR in neurons within the amygdaloid complex has been documented [20] . The basolateral complex acts as an interphase between afferent information and the efferent output of the medial CeA (mCeA). BLA may drive anxiety-related behaviors via direct glutamatergic projections to mCeA and attenuate anxiety-related behaviors through indirect disynaptic routes involving the GABAergic neurons in the intercalated cell masses (ITCs) and in the lateral part of the CeA (LCeA), that project to the mCeA [31, 32, 38] . In male rats, DHPG could activate glutamatergic-projecting neurons to mediate direct and indirect activation of mCeA increasing conflict-based anxiety. Since activation of medial ITC has been conceptualized as a mechanism for extinction of conditioned fear-like anxiety responses [32] ; we hypothesize that mGluR1 is up-regulated on glutamatergic-projecting neurons to medial ITCs, providing a feed-forward inhibition pathway to decrease mCeA activation. In this scenario, infusion of DHPG can meditate anxiolysis in female, but not male rats. The lack of DHPG effects in OVX + EB was unexpected since we found that intra-BLA infusion of DHPG decreased non-conditioned anxiety during the EPM by an mGluR1 subtype dependent mechanism [8] . In addition, since mGluR1 is more expressed in OVX + EB than OVX, we expected to find anxiolytic-like effects by DHPG in OVX + EB. However, it has been widely documented that BLA processes conditioned and unconditioned stimulus differentially [7, 50] . In addition, estradiol by itself increased conditioned conflict-based anxiety with no effect in unconditioned conflict-based anxiety [8, 34] . Whether estradiol mediates the anxiogenic-like effects is uncertain. Nevertheless, Boulware et al. [5] demonstrated that estradiol can inhibit signal transduction by ERs activation of group II mGluRs at membrane level. Group II mGluRs are presynaptic receptors that can potentially inhibit glutamate release of BLA projecting neurons to medial ITC. Thus, although mGluR1 is hypothetically up-regulated in BLA projecting neurons to medial ITC, ERs activation of group II mGluRs on the terminals of these cells can potentially abolish DHPG initiated excitability at the dendrites and soma of mGluR1 expressing neurons. In addition, estradiol enhances neurotransmission of serotonin, dopamine, and norepinephrine, as well as of neuropeptides such as corticotropin releasing hormone (CRF) [26] . These estrogenic effects undoubtedly provide additional mechanisms for the influence of estradiol on BLA activity and response to DHPG.
In conclusion, our study demonstrates for the first time ever, that activation of group I mGluR within the BLA mediates sex-specific effects, decreasing conflict in OVX, but increasing conflict in male rats. In addition, it argues that the effects of DHPG could be underlined by organizational sex differences on conflict-based anxiety, where OVX are more anxious than male rats and perhaps by activational effects due to the fact that estradiol treatment enhanced sex differences in conflict-based anxiety. We propose that such behavioral effects can be due, in part, to differences in the protein expression levels of mGluRs within the amygdala.
Therefore, it is of pivotal importance for pre-clinical studies to include female models of anxiety while screening for the potential therapeutic effects of novel pharmacological agents, especially while assessing conflict-based anxiety.
